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Several biological indicators of arsenic exposure, or biomarkers, have been used in researching
groups of p e o p l e exposed in the environment or in workplace settings. Biomarkers include
arsenic measures in b l o od , urine, hair, or nail s . Because arsenic is so r e a d i l y cleared f rom the
blood (e.g., a few hours), blood measurements are only us e fu l for recent exposures and thus are
not a p p l i e d in evaluation of long-term, low-level environmental exposures (ATSDR 1998).
ATSDR has i d e n t i f i e d urinary measurements as the most rel iable indicator of recent arsenic
exposure because most arsenic absorbed through the lungs or gas trointe s t inal tract reaches the
urine within 1 to 2 days (ATSDR 1998). T o t a l arsenic concentrations in urine must be
interpreted c a r e f u l l y to exc lude arsenic f r om s e a f o o d , which contains re la t ive ly high
concentrations of nontoxic organic arsenic f orms (i.e., predominant ly arsenobetaine). Research
summarized here has either reported s p e c i a t e d arsenic ( s p e c i f i c a l l y inorganic or mono-
dimethyarsenic f o r m s ) or used analy t i ca l me thod s that s p e c i f i c a l l y ex c lude arsenobetaine.
Arsenic in urine has been shown to increase with increasing exposure to arsenic in the air
(Vahter et al. 1986; Yamamura and Yamauchi 1980; Yamauchi et al. 1989), in drinking water
(Lin et al. 1998), and in soil (Hwang et al. 1997; Gebel et al. 1998; H e w i t t et al. 1993).
Arsenic is also excreted f r o m the body in hair and nai l s , a l though to a lesser extent than through
urine. W h i l e urinary arsenic concentrat ions represent o n l y absorbed arsenic, hair arsenic
concentrat ions represent both external d e p o s i t s on the hair and internal arsenic that was absorbed
into the body and excreted t hrough the hair (de P e y s t e r and S i l v e r s 1 9 9 5 ; H i n d m a r s h 1998;
Buchet et al. 1998). Arsenic tha t is d e p o s i t e d on hair cannot r e a d i l y be washed off and cannot be
d i s t i n g u i s h e d f r o m arsenic excreted f r o m internal sources (Buchet et al. 1998).
Several of the researchers i d e n t i f i e d above who evaluat ed arsenic as a biomarker in urine al so
reported correlations between measurements of arsenic in hair and in soil (Gebe l et al. 1998;
H e w i t t et al. 1993), air (Yamauchi et al. 1989; Yamamura and Yamauchi 1980), or water (Lin et
al. 1998). A d d i t i o n a l researchers have evaluated hair arsenic in comparison with measurements
of airborne arsenic levels (de Peyster and S i l v e r s 1 9 9 5 ) .
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In p o p u l a t i o n s exposed to arsenic in s o i l , both urinary and hair arsenic measurements were f o u n d
to correlate with soil arsenic. However, urinary and hair measurements reported by H e w i t t et al.
( 1 9 9 3 ) did not correlate well with each other, which the authors reasoned might be due to
ex t ernal ly d e p o s i t e d arsenic on hair. In contrast, Gebel et al. ( 1 9 9 8 ) reported that 24-hour
urinary arsenic measurements were correlated with scalp-hair arsenic and reported that the s c a l p -
hair arsenic data confirmed the urinary arsenic data as a biomarker. Gebel et al. ( 1 9 9 8 ) ,
however, goes on to describe l imi ta t i on s in use of hair as a biomarker of internal exposure (i.e.,
absorbed arsenic), inc luding the lack of s tandardiza t i on of s calp-hair data and the fa c t that hair
color and the use of hair dyes and permanents a f f e c t hair arsenic measures. Gebel et al. ( 1 9 9 8 )
then notes that:

"The v a l i d i t y and qua l i ty of the data gained by s ca lp hair biomonitoring is not
comparable to that gained by urine and b lood biomonitoring."

The authors do note, however, that measurements of arsenic in hair provide a good means to
compare arsenic exposure between one group and another.
Numerous other authors have evaluated the relative merits of urinary arsenic and s c a l p hair as
biomarkers for arsenic exposure in various s e t t ing s , de Peyster and S i l v e r s ( 1 9 9 5 ) evaluated use
of hair arsenic as a biomarker of industrial exposures and noted the lack of s t a n d a r d i z a t i o n of
normal hair arsenic concentrations and the inabi l i ty to d i s t ingu i sh internal arsenic (i.e., arsenic
that was absorbed into the body) from externally deposi ted arsenic as l imitat ions in evaluating
internal exposure. S i m i l a r l y , evaluations of arsenic exposures via air (Yamamura and Yamauchi
1980) found much higher arsenic concentrations in hair measures than in urinary measures of
exposure in workers exposed to arsenic tr iox ide in an indus tr ia l s e t t ing and reasoned that external
adherence to hair accounted for thi s d i f f e r e n c e .
H i n d m a r s h ( 1 9 9 8 ) reported that because arsenic f r o m both internal and external sources is a v i d l y
bound to the outer surface of hair, external contamination can yi e ld c o n f u s i n g re su l t s in
evaluation of chronic arsenic exposure. He also noted that exposures may vary among hairs on a
person and within the same strand of hair, and that s a m p l e s should thus be taken f r o m c lo s e to
the s c a l p and f r om several s i t e s on the head. S i m i l a r l y , Buchet et al. ( 1 9 9 8 ) reviewed d a t a on
biomarkers to evaluate the ir re lat ive e f f e c t i v e n e s s in a s s e s s ing exposure to inorgani c arsenic and
c onc luded tha t :

D e s p i t e some encouraging report s , the use of arsenic l e v e l s in hair and nail as
ind i c e s of internal does a p p e a r l i m i t e d : e f f o r t s are needed to d e v e l o p a
s tandard iz ed pro c edure to solve the p r o b l e m of external c o n t a m i n a t i o n of
s a m p l e s .

T h u s , while hair has been used as a biomarker in several s e t t i n g s , numerous authors have
reported that urinary arsenic is a more r e l i a b l e indicator of internal arsenic exposure.



Biomarkers f or Arsenic Exposure D r a f t
N o v e m b e r s , 1999
Page 3

References and Other Source s
Armienta, M.A., R. Rodriguez, and O. Cruz. 1997. Arsenic content in hair of p e o p l e e xpo s ed to
natural arsenic p o l l u t e d groundwater at Zimapan, Mexico. Bul l . Environ. Contam. T o x i c o l .
59:583-589.
ATSDR. 1998. Draf t l ex i co log i ca l p r o f i l e f or arsenic. Agency for T o x i c Sub s tanc e s and
Disease Registry, P u b l i c H e a l t h Service, U . S . Department of H e a l t h and Human Services.
Buchet, J.P., P. H o e t , V. H a u f r o i d , and D. Lison. 1998. Cons i s t ency among biomarkers for the
assessment of exposure to inorganic arsenic: a literature review, p. 6. In: Third International
Conference on Arsenic Exposure and H e a l t h E f f e c t s Book of Abstrac t s . July 12-15, 1998. San
Diego, CA.
de Peyster, A., and J.A. S i l v e r s . 1995. Arsenic levels in hair of workers in a semiconductor
fabr i ca t i on f a c i l i t y . Am. Ind. H y g . Assoc. J. 56:377-383.
Gebe l , T . W . , R.H.R. Suchenwirth, C. Bolten, and H.H. Dunkelberg. 1998. Human
biomonitoring of arsenic and antimony in case of an elevated geogenic exposure. Environ.
H e a l t h Perspec t . 1 0 6 ( l ) : 3 3 - 3 9 .
Hewi t t , D.J., G.C. M i l l n e r , A.C. Nye, and H.F. Simmons. 1993. Corre lat ion of urine, hair and
f ingerna i l arsenic biomonitoring results . In: S E G H Internat ional Conference on Arsenic
Exposure and H e a l t h E f f e c t s Book of Posters. July 28-30, 1993. New Orleans, LA.
H i n d m a r s h , J.T. 1998. H a i r arsenic as an index of t ox i c i ty . p. 7. In: T h i r d I n t e r n a t i o n a l
Confer ence on Arsenic Exposure and H e a l t h E f f e c t s Book of Abs trac t s . July 12-15, 1998. San
Diego, CA.
H i n d m a r s h , J.T., and R.F. McCurdy. 19_. Clinica l and environmental a spe c t s of arsenic
t o x i c i ty . CRC Cri t . Rev. C l i n . Lab. S c i . 23(4):315-347.
H w a n g , Y - H . , R.L. Bornschein, J. Grote, W. Menrath, and S. Roda. 1997. Environmental
arsenic expo sure of c h i l d r e n around a former c o p p e r sme l t e r site. Environ. Res. 72:72-81.
Lin, T-H., Y-L. H u a n g , and M - Y . Wang. 1998. Arsenic spe c i e s in d r i n k i n g water, hair,
f i n g e r n a i l s , and urine o f p a t i e n t s with b l a c k f o o t disease. J. T o x i c o l . Environ. H e a l t h Part A
53:85-93.
U . S . EPA. 1995. E v a l u a t i o n o f the risk f r o m lead and arsenic, S a n d y s m e l t e r s i t e , S a n d y , U t a h .
D r a f t F i n a l . U . S . Environmental P r o t e c t i o n Agency.
Vahter , M, L. F r i b e r g , B. Rahnster, A. N y g r e n , and P. N o l i n d e r . 1986. Airborne arsenic and
urinary excretion of me tabo l i t e s of inorganic arsenic among sme l t e r workers. Int. Arch. Occup.
Environ. H e a l t h 57:79-91.



Biomarlcers for Arsenic Exposure ' D r a f t
N o v e m b e r s , 1999
Page 4

Yamamura, Y., and H. Yamauchi. 1980. Arsenic metabol i te s in hair, b lood and urine in
workers exposed to arsenic trioxide. I n d . H e a l t h 18:203-210.
Yamauchi, H., K. Takahash i , M. Mashiko, and Y. Yamamura. 1989. Bio l og i ca l m o n i t o r i n g of
arsenic exposure of g a l l i u m arsenide- and inorganic arsenic-exposed workers by d e t e r m i n a t i o n
of inorganic arsenic and its me tabo l i t e s in urine and hair. Am. Ind. H y g . Assoc. J.
50(11):606-612.


